Objective: To study the clinical features and natural history of 17 patients with retinocytoma.
cluded the presence of a translucent retinal mass in 21 (88%), calcification in 15 (63%), and retinal pigment epithelial alteration in 13 (54%) of the 24 tumors. A combination of all 3 features was observed in 8 (33%) of the 24 tumors. In 13 (54%) of the tumors, a zone of chorioretinal atrophy could be observed. In 1 patient, subtle tumor regression was documented photographically. Only 1 retinocytoma (4%) underwent malignant transformation into retinoblastoma. At the last follow-up visit, none of the patients had developed a pineoblastoma or another second malignant neoplasm.
Conclusions: Retinocytoma is a rare benign retinal tumor that has characteristic clinical features. The areas of chorioretinal atrophy were suggestive of tumor regression. In our series, the risk for malignant transformation of retinocytoma into retinoblastoma was 4%; therefore, patients with a presumed diagnosis of retinocytoma should be closely observed.
Arch Ophthalmol. 2000; 118:199-205 B ASED ON clinical, histopathologic, and genetic evidence, it is generally believed that there is a benign variant of retinoblastoma. [1] [2] [3] [4] [5] The clinical features of these tumors were described in detail by Gallie and associates, 1 who suggested that they be called retinoma. Histopathologic studies by Margo and coworkers 3 demonstrated that these tumors were composed of welldifferentiated, benign-appearing retinal cells. Mitoses and necrosis were characteristically absent, further differentiating these lesions from retinoblastoma. They suggested the alternate term retinocytoma, based on nomenclature used to classify pineal body tumors (benign, pineocytoma; and malignant, pineoblastoma). 3 Because retinocytoma resembles irradiated retinoblastoma ophthalmoscopically, other terms such as spontaneously regressed retinoblastoma, spontaneously arrested retinoblastoma, and retinoblastoma group 0 have also been used clinically to describe these tumors. [4] [5] [6] Overall, retinocytoma may be the preferred terminology because it implies more specifically a benign tumor arising from a retinal cell (retinocyte).
It is important to recognize retinocytoma clinically and differentiate it from active retinoblastoma and other simulating conditions as it usually requires close observation rather than active treatment. However, from a genetic standpoint, retinocytoma is similar to retinoblastoma, with autosomal dominant inheritance involving a mutation in the RB1 gene locus on chromosome 13q14. 1, 2, 5, 7, 8 In familial cases, various members of a kindred can manifest either retinocytoma or retinoblastoma or even a combination of both between the 2 eyes. In this report, we describe the clinical features and natural history of 17 patients with the clinical diagnosis of retinocytoma. The variations in clinical appearance of retinocytoma and its natural history are interpreted in light of recent advances in the molecular biology of retinoblastoma.
RESULTS
Among 920 consecutive patients who had retinoblastoma, retinocytoma, or both on file in the computerized database of the Oncology Service, Wills Eye Hospital, between January 1974 and December 1998, we identified 17 patients (1.8%) who had 24 retinocytomas in 20 eyes ( Table 1) . The median age at diagnosis of these 17 patients was 15 years (range, 4-45 years). The median follow-up was 49 months (range, 1-206 months). Three patients (18%) had bilateral tumors, and 14 (82%) had unilateral tumors, with 9 (53%) affecting the right eye and 5 (29%) affecting the left eye ( Table 2) . The diagnosis was made in 7 patients (41%) because of their findings (blurred vision, 4; strabismus, 3; and leukocoria, 0). Seven patients (41%) were asymptomatic. Three patients (18%) were identified when their children developed retinoblastoma (Figure 1) . One patient (6%) had retinoblastoma in the other eye. One patient (6%) had retinoblastoma and retinocytoma as 2 separate foci in the same eye.
The salient ophthalmoscopic features of the 24 retinocytomas are summarized in Table 2 . The median basal dimension of the tumors was 6.25 mm (range, 0.3-15.0 mm), and the median thickness was 1.75 mm (range, 0.0-5.0 mm). Ophthalmoscopic features included the presence of a translucent retinal mass in 21 (88%), with calcification in 15 (63%) and associated retinal pigment epithelial alteration in 13 (54%), of the 24 tumors (Figure 2) . The retinal pigment epithelial alteration usually surrounded the lesion and had well-defined margins. Any 1 of these 3 features was present in all tumors. However, any combination of at least 2 features was present in 17 (71%) of the 24 tumors. All 3 features were present in only 8 (33%) of the 24 tumors. In addition to the triad of features, a surrounding zone of chorioretinal atrophy was also observed in 13 tumors (54%). Including the zone of chorioretinal atrophy as a fourth clinical feature, the diagnostic yield for any combination of at least 2 and 3 features was 83% and 46% (20 and 11 tumors), respectively. Localized calcium deposits were noted in
PATIENTS AND METHODS
The computerized database of the Oncology Service, Wills Eye Hospital, Philadelphia, Pa, was reviewed, and all patients with retinocytoma, retinoma, or spontaneously arrested or regressed retinoblastoma were retrieved. The patients were diagnosed as having retinocytoma based primarily on ophthalmoscopic appearance and corroborating clinical data, including age at diagnosis, family history, clinical course, and associated ocular findings. Detailed fundus drawings and fundus photographs and descriptions of the retinocytoma were reviewed to document the features of the lesions, such as size, location, presence of a retinal translucent mass, calcification, retinal pigment epithelial alteration, and zone of chorioretinal atrophy. Associated features, such as vitreous calcium deposits, the presence of retinal cysts, retinal traction, and the caliber of retinal feeder vessels, were also noted. Each tumor was classified based on the regression patterns described for irradiated retinoblastoma (type 0, 1, 2, 3, and 4). 10 The retinal distribution of the retinocytoma was evaluated by plotting the distance of the epicenter of each lesion from the foveola in clock hour meridians for the left and right eyes separately. The macular area was defined by a circle whose diameter was twice the distance between the optic nerve and the foveola, and the peripheral retina was defined as the part of the retina located anterior to the equator. The intervening zone between the macular area and the equator was designated the midperipheral retina. One clock hour on either side of the vertical axis (the line passing through the 12-to 6-o'clock meridian) and the horizontal axis (the line passing through the 3-to 9-o'clock meridian) was defined as the vertical meridian and the horizontal meridian, respectively.
Information regarding the presence of any second systemic malignant neoplasm and the family history of retinoblastoma were obtained. As necessary, the data were supplemented by directly contacting the patient or referring ophthalmologist. Information obtained at each follow-up visit was evaluated for stability, progression, or regression of the retinocytoma. the vitreous in 7 tumors (29%), and retinal traction in 3 (13%). The retinal feeder vessels were of normal caliber in all tumors.
Classification of the ophthalmoscopic appearance of retinocytoma based on retinoblastoma regression patterns revealed the type 0 pattern in 0 tumors (0%), the type 1 pattern in 1 tumor (4%) (Figure 3) , the type 2 pattern in 6 tumors (25%) (Figure 4) , the type 3 pattern in 14 tumors (58%) (Figure 2) , and the type 4 pattern in 3 tumors (13%) (Figure 5) .
Tumor foci were distributed in all 3 retinal zones ( Table 3) . Seven tumors were in the macular area, with none centered in the foveola.
All cases were periodically observed without active treatment. Malignant transformation of retinocytoma into retinoblastoma, characterized by enlargement in size and vitreous seeding, occurred in 1 (4%) of the 24 cases. In this case, stability of retinocytoma was documented for 3 years before transformation into retinoblastoma with tumor enlargement and vitreous seeding, necessitating enucleation. 11 In addition, 1 patient subsequently developed a new retinoblastoma in the peripheral retina distant from a posteriorly located retinocytoma. The clinical impression of 2 distinct retinal tumors, a retinocytoma and a retinoblastoma, in the same eye was confirmed histopathologically ( Figure 6 ). In 1 case, subtle progressive regression in the basal dimension of retinocytoma was documented for 206 months (Figure 7) . There was no change in the amount of calcification. All remaining tumors remained stable in their ophthalmoscopic appearance. At the last follow-up visit, none of the pa- tients had developed a systemic second malignant neoplasm or symptomatic pineoblastoma.
COMMENT
The reported proportion of retinocytoma among the population with retinoblastoma has varied from 1.8% to 10%. 1, 9, 11 In our series, we observed 17 patients with retinocytoma of a total of 920 patients with retinoblastoma, representing a proportion of 1.8%. The incidence presumably reflects a referral bias as a diagnosis is likely to be made only in symptomatic cases or in those with a family history of retinoblastoma. The diagnosis was made in 10 patients (59%) in our series either on routine eye examination or when the diagnosis of retinoblastoma in another family member prompted an eye examination. Leukocoria, a common initial feature of retinoblastoma, was not an initial feature in any of the 17 patients.
The occurrences of retinocytoma and retinoblastoma are not mutually exclusive; retinocytoma and retinoblastoma have been reported in the same family, 1, 9, 12 in the same patient with retinoblastoma in one eye and retinocytoma in the other, 1,9 and as 2 separate foci in the same eye ( Figure 6 ). 13 Some cases of retinocytoma are diagnosed when the parents of a child who has retinoblastoma are examined (Figure 1) . 1, 9, 12 The diagnosis of an asymptomatic retinocytoma in 1 of the parents of a child with retinoblastoma has major implications in genetic counseling (Figure 1 ). The examination of first-degree relatives, especially parents, when a new case of retinoblastoma is diagnosed is extremely important. 14 The median age at diagnosis was 15 years, and the diagnosis was made in most patients (14 [82%] of 17) after the age of 6 years, in contrast to retinoblastoma, which is usually diagnosed in children younger than 5 years. 15 The tumors were randomly distributed in all 3 retinal zones, lacking any preferential location in the retina. In recent studies, 16 the retinal distribution of retinoblastoma has been explained based on retinal development. Munier and associates 17 reported radial asymmetry with excess foci of retinoblastoma (including 50 retinocytomas) occurring along the horizontal meridian, similar to cone cell topography, suggesting retinoblastoma origin from cone cell lineage. The cell of origin of retinoblastoma is not clearly established because recent histopatho- [18] [19] [20] have provided conflicting results suggesting that the retinoblastoma originates from the rod photoreceptors and cone (redgreen) photoreceptors.
As reported by others, 1,9,12 any 1 of the 3 ophthalmoscopic features of retinocytoma, such as the presence of a translucent retinal mass, calcification, and retinal pigment epithelial alteration, was observed in all retinocytomas ( Figure 2) . However, any combination of at least 2 features was present in 17 (71%) of the 24 tumors, and all 3 features were present in only 8 (33%) of the tumors. Including a zone of chorioretinal atrophy as a fourth clinical feature, 9 the diagnostic yield was higher for any combination of at least 2 and 3 features (83% and 46%, respectively). Localized deposits of calcium in the vitreous, a recently described feature of retinocytoma, were observed in 7 (29%) of the tumors. 13 None of the tumors contained intraretinal cysts. 21 The ophthalmoscopic appearance of the retinocytomas resembled the spectrum of retinoblastoma regression patterns observed after irradiation. The presence of chorioretinal atrophy in 13 (54%) of the 24 tumors was reminiscent of retinoblastoma regression after irradiation, suggesting tumor regression. The chorioretinal atrophy surrounded the translucent retinal mass and was not limited to the dependent margin of the tumor, unlike the pigmentary changes after a prior retinal detachment. In 1 patient, with the longest follow-up of 206 months, we could document tumor regression photographically ( Figure 7 ). To our knowledge, previous researchers have not documented tumor regression in presumed cases of retinocytoma, and it could be due to lack of photographic documentation, which is necessary The posterior lesion was relatively paucicellular, was composed of benign cells, and was notable for foci of calcification within viable areas of the tumor, all consistent with a diagnosis of retinocytoma. B, There was also evidence of photoreceptor differentiation (hematoxylin-eosin, original magnification ϫ400). C, The peripheral lesion was a poorly differentiated retinoblastoma that had seeded the posterior and anterior chambers and infiltrated the angle structures (hematoxylin-eosin, original magnification ϫ400). to detect minor changes in the tumor dimensions. 1 The mechanisms of tumor regression in retinocytoma are unknown but might involve apoptosis. [22] [23] [24] Regression caused by ischemic or immune-mediated necrosis is incompatible with the histopathologic features of retinocytoma. 25 None of the retinocytomas enlarged during observation. Failure to document growth of a retinocytoma may be due to at least 2 reasons. Most retinocytomas may have completed their growth by the time they are diagnosed (after the age of 5 years), and all new lesions found in eyes undergoing prospective examination after conservative treatment of retinoblastoma or due to a family history of retinoblastoma are considered to have retinoblastoma and are treated promptly.
Malignant transformation of retinocytoma into retinoblastoma occurs rarely. 7, 9, 11 We confirmed this histopathologically in 1 (4%) of the 24 tumors. That previously reported case enlarged rapidly and seeded the vitreous at age 7 years after remaining stable for 3 years. 11 The results of a histopathologic examination disclosed undifferentiated retinoblastoma overlying a benign retinocytoma consistent with malignant transformation of retinocytoma into retinoblastoma. 11 The occurrence of retinoblastoma in adults has been explained based on the malignant transformation of previously undiagnosed asymptomatic retinocytoma. 15, [26] [27] [28] Despite the rarity of malignant transformation, patients with retinocytoma should be observed regularly.
Retinocytoma is considered to be a rare benign phenotypic RB1 gene mutation and carries similar genetic implications as retinoblastoma.
1,2,5 Why retinocytoma develops in rare instances rather than the usual phenotype of retinoblastoma is unclear. Hypothetically, retinocytoma could arise if the second hit (M2) occurs at a later stage of cell maturation, when the precursor cell has limited mitotic capability and is unable to sequentially accumulate additional mutations (M3+). 7 Retinocytoma could also be a manifestation of lowpenetrance retinoblastoma (M1 variation). [29] [30] [31] [32] [33] [34] In families expressing a low penetrance of retinoblastoma, many gene carriers are either unaffected or affected unilaterally. 35, 36 Three patients in our series had a family history of retinoblastoma, none of them manifesting evidence of low penetrance. Recent molecular genetic studies [29] [30] [31] [32] [33] [34] 36, 37 have attributed low-penetrance retinoblastoma to specific, relatively benign RB1 gene mutations that code for a partially functional retinoblastoma protein. It is possible that the presence of a partially functional retinoblastoma protein in the retinal precursor cell might be able to thwart complete transformation of the retinocyte into retinoblastoma, thereby forming retinocytoma. [29] [30] [31] [32] [33] [34] 36, 37 Second malignant neoplasms and the tumors of the pineal region develop in approximately 8% (aged 18 years) and 5% to 8% of patients harboring germline mutations of the RB1 gene, respectively. 38, 39 None of the patients in our series of retinocytoma developed systemic second malignant neoplasms or pineal tumors. Only 9 patients in our series were putative carriers of a germline mutation (bilateral, familial, and 15% of unilateral cases), and only 1 patient would be expected to develop such tumors. The number of patients in our series is admittedly small; however, review of the large published series 1, 9, 12 of patients with retinocytoma also suggests that second malignant neoplasms are rare in patients with retinocytoma. All 80 patients in a recent review 40 of trilateral retinoblastoma had retinoblastoma; none had retinocytoma. It is possible that mechanisms that play a protective role in inducing a benign tumor (retinocytoma) rather than a malignant tumor (retinoblastoma) also protect the extraocular cells from the development of second malignant neoplasms. 33, 37 In summary, we have provided the clinical features of 17 patients with 24 retinocytomas. In addition to wellrecognized features such as the presence of a gray translucent mass, intralesional calcification, and retinal pigment epithelial alteration, the presence of chorioretinal atrophy is an important diagnostic feature. In this large series, nearly 2% of potential retinoblastomas were benign variants. Although most retinocytomas were stable (22 [92%]/24) and demonstrated no tendency to grow or metastasize, patients with retinocytoma should be examined periodically because they can rarely undergo malignant transformation into retinoblastoma.
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Years Ago in the ARCHIVES
A look at the past . . .
A
n outstanding desideratum in ophthalmology, industry, and vocational schools is a simple, easily administered, unlearnable test which will reliably "screen," ie, separate, subjects with defective color vision from those with normal color vision. If such a test can be made qualitative (can diagnose the type) and also quantitative (can yield an estimate of the extent of the defect-mild, medium, strong), its value will be greatly enhanced. We think this can be done. At the same time, we believe that all candidates classified as defective should be subject to the further study with several different tests. 
